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Disclaimer: This presentation was developed by a third party and is not funded by WoodWorks or the Softwood Lumber Board.



“The Wood Products Council” is a
Registered Provider with The American
Institute of Architects Continuing
Education Systems (AIA/CES), Provider
#G516.

Credit(s) earned on completion of this
course will be reported to AIA CES for
AlIA members. Certificates of Completion
for both AIA members and non-AIA
members are available upon request.

This course is registered with AIA CES
for continuing professional education.
As such, it does not include content
that may be deemed or construed to
be an approval or endorsement by the
AlA of any material of construction or
any method or manner of handling,
using, distributing, or dealing in any
material or product.

Questions related to specific materials, methods,
and services will be addressed at the conclusion of

this presentation.
Approved
Continuing
Education




Course Description

This presentation will look at the design of Bush Middle School, a new three-story building in
Seattle, WA. The selection of a mass timber structural system was key to meeting project goals
related to indoor air quality, biophilic design, and building performance. The presentation will detail
key steps in the design process, with project team members sharing how they verify embodied
carbon reductions and how collaboration across disciplines helped integrate sustainable design
throughout the project.



Learning Objectives

1. Discuss key decisions made during the design process that led to using mass
timber to achieve improved indoor air quality, biophilic benefits, and reduced
carbon emissions.

2. Understand the design decisions made to prioritize student and faculty wellness,
such as connection to the outdoors and exposed wood elements, while ensuring
performance and code adherence.

3. Learn aboutthe comparative WBLCA performed on the project, which targeted
ILFI Net Zero Carbon and Salmon-Safe certification, and the carbon reductions
achieved by using a mass timber structural system.

4. Explore best practices for design team collaboration to meet sustainability goals
and end user needs.






National Practice




PROJECTS WITH GREEN

AlA COTE

DISTRICT SCALE SYSTEMS
TOP TEN GREEN AWARDS Sustainable Design Presentations

NET ZERO ENERGY BUILDINGS Carbon Neutral Operations Since
AlA COMMITMENT LEED Certified Projects
Living Building Targeted Buildings oty Bt fesensments &) Roaitored rovects

Green Stormwater Projects Ecodistricts Registered Projects
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Mithun Sustainability
Framework—

Rating
Systems—

-LEED v4.0

-WASHINGTON SUSTAINABLE SCHOOLS PROTOCOL
-WELL

-LIVING BUILDING CHALLENGE

-PASSIVE HOUSE

-SUSTAINABLE SITES

¢Sustainable LIVING
[ : BUILDING
PHIUS SITES CHALLENGE

Passive House stitute US Initiative



The Bush School Vision—



A CAMPUS WITHIN THE CITY
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UPPER CAMPUS

HIGH SCHOOL
BUILDING

LOWER CAMPUS
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S U Slllq i n q b I e Stra II.e g ie S— Preservation of Significant Existing Foliag:

Active Renewable Energy (Photovoltaic Array) Strategic Shading + Biophillic Connectio
Net Zero Energy Building Performance

DOAS with Energy Recovery Air Source
Heat Pump (Two Pipe Distribution)

Passive House High Performance Building Envelope

Balanced Daylight Harvesting

Operable Windows
(Passive Cooling/Night Flush}

&

Symbiotic System Share:
Renewable Energy Supply to
Adjacent Historic Campus Building
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The Bush Middle School—



SITE DIAGRAMS

RIVER CURRENTS AND EDDIES
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PRESERVATION OF EXCEPTIONAL TREES

\ N . * Unless Considered Hazardous, Exceptional Trees
\ New Must Be Protected Per Seattle Municipal Code

' .I "\ o Tree Protection Measures Will Be Required For The
e | V. Big Tree Adjacent To The Construction Site

e Opportunity To Improve The Rooting Environment
Around Redwood Tree At Harrision

EXCEPTIONAL TREE

"~ FUTURE BUILDING
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Courtyard Level—
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Classroom Level— L
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DESIGN CONCEPTS

The journey from K-12 is a river. The new building
maintains the existing gesture of enclosing

and protecting the middle school courtyard,

but links the interior and exterior by eroding
solid masses, like a cut bank along the river,
creating both visual and locomative porosity.

This openness and connection is highlighted at
social gathering spaces, including the commons,
gallery and “vista” views at the level 2 hubs.




DESIGN CONCEPTS

At level 2 of the new building, the place of
learning and growth, the heavy timber structure
becomes a forest of dappled light through the
tree canopy, where trees give way to clearings at
open vistas and meadows. The journey through
the forest inspires curiosity, invites exploration,
while providing refuge, respite, and outlook.
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Mass Timber R&D—



Buildina Better Schools—

Research & Development

B —~ oMithun-



Kit of Parts - Adaptability—

4-UP Program 4-UP Program

Expanded Learning Core

\

._.

Lengthened Learning Core

&y

6-UP Program

Lengthened Learning Core W il

6-UP Program

Expanded Learning Core

8-UP Program 8-UP Program

Expanded Learning Core Lengthened Learning Core

. Core

Learning

Shared
Learning

Exterior Wall
Boundary




Modeling Learning Environment Agility Model Concepts—

Central Learning Hub

Learning

tttttttttttt
BBBBBBBB

Location



Designing with Mass Timber—

CLT Ceiling and
Floor Panels

3-Ply, 4-1/8" thick

Classroom
Module
Exterior
Wall and
Glazing &3
Ceiling Clouds
2 hr rating
Interior
Primary Classroom Stud Wall
CLT Shear
Walls*
3-Ply, 4-1/8”
thick
12" height
Shared Learning Reduced Depth
Glulam Beams
Glulam 10-3/4" x 12"
Beams Grid Framework
512 SF 10-3/4"x24" 10%-8" x 24'-0"
Small Group Glulam

Columns
10-3/4"



Adaptive Shared Learning Studies—

Sliding Glazed
Partition

Core Classroom
Learning

Mobile Storage

B Core Learning Spaces Shared Learning

Shared Learning Spaces
Bl Small Group Learning Small Group
Learning

Sliding Glazed
Partition

Core Classroom Learning

Small Group
Learning

Shared Learning

CNC Routed
Timber Wall

Core Classroom
Learning

Mobile Storage

Optional
Decentralized
Restroom

Shared Learning

Sliding Glazed
Partition



A Systems Based Approach—

Structural "Bones" Mechanical System Exterior Enclosure Interior Flexibility




A Systems Based Approach: Structure—

Glulam Columns No interior girders allows systems to run
10-3/4" within the beam depth, providing a lower
floor-to-floor height.

12-0"

CLT Floor Panels Structural Glulam Beams CNC Routed Shallow Glulam

3-Ply, 4-1/8" thickness 10-3/4" x 24" deep CLT Wall Beams
10-3/4" x 12" deep

Structural Glulam Beams

10-3/4" x 24" deep

Perimeter lateral system
beyond. 3-ply CLT shear
walls or steel braced frame; .
construction type dependent.
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No exterior girders allows for
Maximized Glazing Height
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Building Better Schools—

Thereis a
growing body of
research that
associates
biophilic spaces with
student health and
cognitive benefits.

Emerging mass
timber technology is
+ positively impacting
the way we design
and construct
buildings.

By combining timber
technology and
growing
biophilic research, we
can
Build Better Schools.




Bush Middle School
Mass Timber—



CLT 3-Ply Optimization—
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CLT Configuration—







MASS TIMBER BASE DETAIL—

COLUMN BASE PROTECTION

WALL ASSEMBLY PER PLAN

| ———————— CIS & PLUG BOLT HOLES
1=+—— COLUMN PER STRUCTURAL

BARRIER OVER BELOW-GRADE
WATERPROOFING SYSTEM AND
BASE FLASHING

™\ CHAMFER EDGE
| INSECT SCREEN

ey
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1
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i | e LAP WEATHER-RESISTANT
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1

1

|

; | :
RUBBER BASE. MATCH // | TREATEDSILL PLATE
STOREFRONT COLOR. T . i ;
R d
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Clear Perimeter—




Clear Perimeter—
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MEP/BIM Coordination




MEP ROUTING—




MEP ROUTING— -




MEP ROUTING— ke
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Daylight Access—
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Mass Timber Connections—
Mortise & Tenon Joint

CLCOL CLCOoL

COL ABOVE PER PLAN —,
N
= COL TO COL CONMN
=g PER 12/56.01
g — COL ABOVE PER PLAN
2E — TOPPING PER PLAN ; -
SE /PN o
o [~ PANEL FER PLAN \ /
e P -0 1 — § S s‘ ______ | AL
; | —— T = 3 e
 — r—1
 —— I | — — (-
| i
: ‘ | + :‘ :
3 ) il
- B i
H | il
v Tl I : ] I\
v il
H i
i H 1 “—— MORTISE &
a Lo TENON BEYOND
NN
N SHOLILOER BEYOND
\\
BEAM PER PLAN
; ! —— ROUND OFF BOT OF
| | MORTISE/TENDN CUT
_ _ A \cou BELOW PER PLAN
COL BELOW PER PLAN —
A R S e
SECTION A ISOMETRIC VIEW
STUB COL PER PLAN—, oL
TUB €0 : — NN GAP BTWN
RER PUAN DUTLINE OF oL R PANEL & COL STUB, TVP
E { EDGE HELOW

A

PAMEL JOINT
WHERE OCCURS \

f
CL €O
i

QUTLINE OF BEAM f L
EDGE BELOW ——]

- BEAM PER HOLE IN PANEL
PLAN, TYP FOA COL 5TUR

WOOD BEAM TO COLUMN CONNECTION - DIFFERENT DEPTH BEAMS

SCALE L 0HSTA
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Mass Timber Shop Drawings—

/8" CLT CUTOUT AROUND STEEL BRACE g

\402/ SCALE 11/2"=1"-0"
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Embodied Health & Carbon—



iy

;’f;»‘:i s
il




ense of Home—




, \{I/Vashiqgton Schoo'i'l&o‘ﬂi |
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Mass Plywood Panel (Bui_lt-lns)—






CLT Stair (Off-Cuts)—
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Biophilic Stair Studies—

PO N - SR TR AR

O A My SR VO A < M SR FOUL N - A SR FOUI A - SR CER AR VO N - SR EEN AR

(o]
i i e ORAINEORLONEAL e e i s 4 CRATEORLNEAL e [P COANEORLINTAL e P oaAre e e i s 4 COAINEORLINTAL
O A - W O M 153 A ;
VO A - GRADB T 1 T - ALBRI FO A - W O M 12 A
- o :
i ! ) @u
e i s 4 WAL e
i e OnnLeeAL e s o e COAIYEDRLNEAL e ot
PN RS O IHOAN O b
T - e 15 4184
i
P SAAPEIZONNEENYAL e B SR e
a et e CRAPORLNEAL e
s o e e o
ot 2N SRR
SO SR WK FOFGRN U SR WIS 1O $CRN
o TS SerTemA = b i o ARSI I
COATTRONITONTAL R e et i i i e ———




o

Blakely Elementary— ,// | O
Bainbridge Island, Washington Il Re




Net Zero Carbon—

CARBON

CERTIFICATION

Embodied Carbon

+ The embodied carbon emissions of primary materials must be reduced by 10% compared to a
baseline building of equivalent size, function, and energy performance.

+ The total embodied carbon of the project building may not exceed 500kg CO2e/m2.

+ One hundred percent of the embodied carbon emissions impacts associated with the construction and
materials of the project must be disclosed and offset through the use of on-site carbon-seguestering
materials or by a one-time purchase of carbon offsets from an ILFl-approved source,



CONCRETE STEEL WOOD

12.5 MJ / kg Embodied Energy 10.5 MJ / kg Embodied Energy 2.0 MJ / kg Embodied Energy

©Mithu
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Net Zero Carbon—

Project baseline GWP:

264 kg CO,e/m?
$5,435

= Concrete
Masonry

= Metals

= Wood

= Thermal and Moisture
Protection

= Openings and Glazing

m Finishes




Upfront Global Warming Potential (GWP) [kg CO,e/m?]

300

250

200

150

100

50

-100

-150

~$5,450

Project baseline

~$4,950

Scenario 1

* 35% reduction
concrete mix
GWP

~$4,750

Scenario 2
* 35% reduction
concrete mix
GWP
* Lower carbon
GWB, carpet,
batt insulation

~$4,250

Scenario 3

* 50% reduction
concrete mix
GWP

* Lower carbon
GWB, carpet,

batt insulation,

structural steel

* Mineral wool

below grade

~$1,200

i

B Finishes
® Openings and Glazing
m Thermal and Moisture Protection
® Wood
B Metals
Masonry

Concrete

Net GWP

Scenario 4

50% reduction
concrete mix
GWP

Lower carbon
GWB, carpet,
batt insulation,
structural steel
Mineral wool
below grade
FSC-certified
wood



Salmon-Safe Urban Standards 3.0—

O e I

Ui Stormwater Management
u.2 Water Use Management
u.3 Erosion Prevention and Sediment Control CORE

STANDARDS

Pesticide Reduction

U4 and Water Quality Protection in Landscaping

u.5 Enhancement of Urban Ecological Function

u.6 Site Climate Resiliency Planning




Craticars.
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Salmon Safe—

 Bioretention

100% Retention On-Site

SHOSWALL TREES
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Salmon Safe—

Bioretention

100% Retention On-Site

Stormwater Detention Vault
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Salmon Safe—

Bioretention Details

100% Retention On-Site

Stormwater Detention Vault

Integrated Design Team

8

INTERMITTANT
SEALANT TO ALLOW
DRAINAGE

PREFINISHED SHEET METAL
FLASHING TO MATCH
STOREFRONT

|
REFER TO [
FOR SILL NOTES IN ALIGN
COMMON | |

SELF-ADHERED FLASHING,
,/f,,/,/,,,fsz”””’___ LAP INTO OPENING

RO/ TOP OF CONC

PER SLAB PLAN

DRAINAGE MAT
HOT RUBBER
PLANTER WALL

ASSEMBLY PER PLAN

REFER TO
FOR BIORETENTION
NOTES IN COMMON

&
i
1] sees
g g
—g,hg,"
o
Pt
o

1l

i

i
{11

il
il

il
T
{11
m

SECTION - STEM WALL @ BIORENTENTION DETAIL

=10
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DCI LCA Comparative Analysis—



DCI MASS TIMBER PROJECT MAP

Number of projects using
o H.!Hd“'aat

SE2050

TTING TO ZE
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Types of Carbon in Buildings

I g
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__‘igv'
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Embodied Carbon Operational Carbon

The emissions from manufacturing, transportation, and installation of building materials. The emissions from a building's energy consumption.

Source; CarbonCure Technologies, 2020



Total Carbon Emissions of Global
New Construction from 2020-2050

. 750
®)
O
¥
1)
= _— OPERATIONAL 21%
— 0 CARBON
- 26%
)]
5
‘B 250
L 7 40/ EMBODIED 49°
£ 0 CARBON 9%

2020 2030 2050

DATA SOURCE: ARCHITECTURE 2030



DRIVING FUTURE INNOVATION

Green Building Ratings

LEED[vs

e LEEDVS
o required embodied carbon assessment
o |ILFI

BOSTONIA ;
£ CONDITA AD__ '
1630
O/M/NE poNk

Building Codes
o ACI 323 Low-Carbon Concrete Code

e CLF North American Benchmark Study c LF l + T + *

WBLCA Benchmark Study V2 B UY C L EA N

Legislation & Incentive Programs

e BuyClean, CALGreen
e Boston NetZero Carbon Zoning Initiative
e NYC Mass Timber Studio

BUY FAIR



Mass Timber vs. All-Steel Designs




All-Steel Scenario

SUPERSTRUCTURE

o« Wide Flange Steel Columns
and Beams

e Composite Design Concrete
Over Metal Deck

« BRBF Lateral System

SUBSTRUCTURE

e Shallow Concrete Foundations

e Concrete Basement Walls

Roof Level




Level 1

Steel Framing & Partial
Basement Below (Red)

Mass Timber
Scenario

SUPERSTRUCTURE

e Glulam Columns and Beams

e 3-Ply CLT Deck with Concrete
Topping

e BRBF Lateral System

SUBSTRUCTURE

e Composite Steel at Red Portion
Above Basement

e Shallow Concrete Foundations

e Concrete Basement Walls



LCA Methodology

e Structure and Enclosure

Carbon
« EPDs based off industry Life-Cycle
averages set by 2023 CLF G ) Bt ot st

@ AZ Transport to manufactuning site

North American Baseline Guide, =~ “*™"

A4-A5 Construction Stage

except regional averages for G st v
softwood lumber and concrete  B1-B5 Use Stage

& B2 Maintenance
@ B3 Repair
« 60-year building lifespan 3:2;%;“

One Click LCA software C1-C4 End-of-Life Stage

& C1 Deconstruction & demokition
& C2Z Transport

& C3 Waste Processing

@ CA Disposal

8
e
w
2
[
7]
w
7]
o

Biogenic carbon reported separately
and only considered as benefit
during building lifespan

D Beyond Building Life Stage
Reuse, recycle & recavery

& T uded Cutem




BIOGENIC CARBON FLOWS

(+)

END OF PRODUCT
SYSTEM BOUNDARY

START OF PRODUCT
SYSTEM BOUNDARY Rouse, recycle, incineration;

(Where human intervention all result in net ze1o biogenic
first occurs) carbon flows \

Life Cycle Information Module:
A1l A2 A3 A4-AS5 B1-B7 C1-C2 Cc3-C4

\

{Not to scale)

TIME (Not to scale)

NET ZERO /

) i Reuse, recycle, or Incinesation with encegy
BIOGENIC CARBON Z f ’Calt:‘on ;w::dh': ;he wood l recovery: stored biogenic carbon leaves the
O S R product system for use in next product system
om
TN A TR . T .
g
b | ‘@ Wood residues h Permanent biogon‘ic
9 Incinerated for energy in landfill carbon storage in landfill
Natural E <
environment o Carbon remains d Co-products (wood chips,
outside product stored in logs ) shavings, sawdust) leave
system b‘:undary 9. | the product system Note: The biogenic carbon
\
RS s balance over the life cycle
is always zero or negative

\ B (indicating permanent

P inforest biogenic carbon storage).
J

Biogenic carbon
sequestered by a Whole trees harvested:
growing trees stored carbon enters the

product system

Source: WoodWorks



Procurement & End-of-life
Decisions Affect Biogenic Carbon

e Energy Grid

e Salvaged Wood

o Underutilized Wood Species
e Sustainable Sourcing

Well managed forests result in better soil
quality, biodiversity, less risk of wildfire, and
greater carbon storage




Comparative LCA Resulis—



kg CO2e/m2

400.0

200.0

0.0

-200.0

Structure & Enclosure Global Warming Potential Comparison

1 12.4%

All-Steel Mass Timber

[ Biogenic Carbon [ Global Warming Potential



kg CO2e/m2

400.0

200.0

0.0

-200.0

Structure & Enclosure Global Warming Potential Comparison

43.2%

All-Steel Mass Timber



Structural System Material Impact

Comparison
All-Steel Design Mass Timber Design
Rebar Rgbar

Acoustic Mat

Concrete Wood

Steel

Steel

Concrete




kg CO2e/m2

150.0

100.0

50.0

0.0

-50.0

-100.0

-150.0

Structure Above Podium Global Warming Potential Comparison

Ali-Steel

I Biogenic Carbon

B Global Warming Potential

Mass Timber

32.1%




kg CO2e/m2

150.0

100.0

50.0

0.0

-50.0

-100.0

-150.0

Structure Above Podium Global Warming Potential Comparison
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Structure & Enclosure Omniclass Global Warming Potential Comparison
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Vertical Enclosure
Comparison

o Exterior walls are all non-load bearing

e Mass timber building has wood studs,
Steel building has CFS studs

o All other materials are identical,
except added continuous rigid
insulation required for steel
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Exterior Wall Omniclass Global Warming Potential Comparison
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LCA Takeaways

Utilizing the mass timber design results in a net-negative superstructure.

By switching from cold-formed steel to light-framed wood studs reduced the
exterior wall impacts by 30%.

The added concrete topping at the roof for the composite steel design had a large
impact. This was not required for the mass timber design.

Further reduction opportunities to consider: Concrete and insulation procurement,
dry floor assembly in lieu of concrete topping
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QUESTIONS?

This concludes The American Institute
of Architects Continuing Education
Systems Course

Brendan Connolly, FAIA, Ryan Rideout, AlA, Arizona
Dabrusin, PE

MITHUN

brendanc@mithun.com, ryanr@mithun.com,
adabrusin@dci-engineers.com
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